This paper tries to assess to what extent the still large differences in insurance markets across EU countries explain differences in individual firms' x-efficiency. I estimate cost and profit frontiers, using balance sheet data on a sample of European insurance companies for the period 1997-2006. While country specific factors does not seem to affect the efficiency of life insurers, they do have a strong influence on non life companies. In particular, insurance penetration affect positively cost efficiency, whereas operating in market based less on compulsory motor insurance has a negative effect; efficiency gains are translated into higher profit efficiency. Moreover, in non life business, composite insurers tend to be less profit efficient than specialised entities. These results suggest caution in evaluating insurers' performances abstracting from the local market structure.
This paper tries to assess to what extent the still large differences in insurance markets across EU countries explain differences in individual firms' x-efficiency. I estimate cost and profit frontiers, using balance sheet data on a sample of European insurance companies for the period [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] . While country specific factors does not seem to affect the efficiency of life insurers, they do have a strong influence on non life companies. In particular, insurance penetration affect positively cost efficiency, whereas operating in market based less on compulsory motor insurance has a negative effect; efficiency gains are translated into higher profit efficiency. Moreover, in non life business, composite insurers tend to be less profit efficient than specialised entities. These results suggest caution in evaluating insurers' performances abstracting from the local market structure.
Introduction
In the last fifteen years the European insurance sector has undergone a deep transformation. A series of EU directives have provided a strong impulse to the creation of a continent-wide single market for insurance services. Their aim was to foster competition, making easier for foreign companies the entry into local markets, through direct sale or, as actually happened, thought mergers and acquisitions (M&As) 1 . A higher degree of competition, it was argued, would lead to a more efficient use of the productive factors (Xefficiency) and thus a reduction in cost. At the same time, M&As would create international groups capable of exploiting scale efficiency (see, for example Swiss Re, 2005 for an illustration of the recent M&A process in the world wide life insurance industry), to be weighted against an increase in market power in national markets. Berger et al (1999) surveying the empirical literature of consolidation on the financial market as a whole find evidence of increased market power and profit efficiency and no improvement in cost efficiency; similar results are obtained by Amel et al (2004) . After more than a decade, a relevant question is to what extent the harmonisation process has exerted an influence on the efficiency of insurance companies or, put in another way, whether market segmentation at the national level still matters to insurers' performance.
Measuring the efficiency of insurance companies is the subject of a small but rapidly increasing part of the empirical insurance economics 2 . The vast majority of the studies deals with the US insurance industry, thanks to the availability of detailed data on insurers balance sheets. There has been, so far, a limited number of cross-country studies focused on Europe. Diacon et al. (2002) studies life insurers in a sample of European countries, measuring pure X-efficiency and the economies of scale, finding large differences across countries. Klumpes (2005) utilises data on European Firms to assess the impact of M&A on efficiency, concluding that it is driven by market segmentation and concentration as well as by differences in regulation.
The first comprehensive analysis of European insurers is provided by Fenn et al. (2008) . They calculate the X-efficiency and the economies of scale for a large sample of life, non life and composite insurers, finding that the size and market share of individual companies affect both their X-efficiency and the volatility of profits and operational costs. However, in their paper, the linkage between country specific characteristics, European wide trends and companies efficiency and its implications are just sketched. This article seeks to make a step forward, introducing explicitly the characteristics of each national market in the estimation of the determinants of technical efficiency. Moreover I try to assess whether composite insurers are more efficient than specialised ones in life and non life businesses. Like Fenn et al. (2008) , I focus my analysis on individual companies data rather than considering groups. While neglecting groups may be a limitation to the analysis, given their increasing importance, I felt that this choice would be more consistent with the aim of pinning down the differences due to national factors. A study based on a mix of transnational entities and individual insurer operating in just one country would have probably delivered less clear results.
Neglecting environmental variables would imply that cross country differences in efficiency are due only to structural characteristics of the firm and managerial ability. This implicitly assumes that insurance diffusion the regulatory framework are either similar across country or does not influence firms' efficiency.
The effect of environmental variables on the efficiency in the financial service industry has been analysed only by small number of papers. Dietsch and Lozano-Vivas (2000) undertake a comparative study of the banking sector in France and Spain finding that, after controlling for macroeconomic variables, demand characteristics and differences in the regulatory framework, the substantial efficiency gap found in Spanish bank is reduced considerably. Beccalli (2004) studies the efficiency of investment firms in Italy and the UK, showing that the introduction of institutional variables in the efficiency estimation uncovers a large differential in efficiency between Italian and British firms. In these two papers only couples of counties are considered. In my work I attempt a comparison across all the most important European countries 3 .
This paper is organised as follows. Section 2 details some of the main characteristics of life and non life insurance markets in the four biggest EU countries, to give an idea of the similarities and differences among them. Section 3 lays down the theoretical model used for the estimation, discusses the choice of variables used and describes the econometric model. The estimation results are presented in Section 4, and their implications discussed in Section 5. Section 6 concludes.
Background
In the 1980s and 1990s a series of European Union directives were issued, aiming at creating a single market for banking and financial products. At the same time national authorities started a widespread deregulation of national insurance market and an harmonisation of accounting standards and procedure for determining capital requirements. This has led to an increased competition among companies and a wave of cross country mergers and acquisitions 4 . A number of large insurance groups have emerged in the last 20 years, which have a significant market share in several European countries. However, large differences across national markets still exist 5 ; they are due to differences in income and to different institutional settings, such as the degree of social protection guaranteed by the state 6 .
The differences across European countries are large in both the structure and the dynamics of the insurance sector. Figure 1 shows the ratio of insurance investment to GDP for the four most important markets 7 , a simple measure of the size of the market with respect to the whole economy. Life insurance penetration is highest in the United Kingdom and continental Europe countries are slowly converging to these levels of incidence. Non life insurance diffusion is broadly similar in all the European countries considered except Germany, where the much higher level depends partially on the way the healthcare system is financed.
3 I consider the following countries: Austria, Belgium, Denmark, Finland, France, Germany, Ireland, Italy, Netherlands, Norway,Portugal, Spain, Sweden, Switzerland, United Kingdom 4 See Focarelli and Pozzolo (2008) for a recent analysis of cross border M&A in banking and insurance. 5 A very detailed description of insurance markets across the world can be found in Cummins and Venard (2007) 6 For example, analysing the determinants of demand for Life insurance in OECD countries, Li et al. (2007) find that it is negatively correlated with country public expenditure in social security and positively correlated with the development of financial system. Beck and Webb. (2002) have similar results and also found that non economic characteristic such as religion affect the diffusion of life insurance. 7 The best measure of insurance penetration is total reserves, however data on this variable are not available for Germany and Spain. Therefore I use investment for the sake of comparability (2002, 2007) Large differences can be found also in market structure, as a consequence of the process of market consolidation, which has evolved at different speeds. In life insurance, France and Italy have the highest level of market concentration, measured as the combined market share of the five largest insurance groups. The Italian markets for non life insurance is also the most concentrated. The last decade has seen an overall increase in concentration in both insurance sectors. (2002, 2007) Another interesting characteristics is the level of sophistication and diversification of the insurance market. A simply proxy is the share of motor insurance premiums in the total. Motor liability insurance is compulsory in all the EU and its development is not linked to that of the rest of non life insurance. A larger share in motor insurance indicates an underdeveloped market, in which firms cannot exploit economies of scope. Difference across countries are quite large and tend to be persistent. Table 2 : Non Life-Motor insurance premiums as % of total Source CEA (2002, 2007) There are also large differences in the cyclical behaviour. The article by Lamm-Tennant and Weiss (1997) , based on data between 1965 and 1987 for the main insurance markets, document the existence of country specific cycles, especially in the non life industry. Their preferred measure of cycle is the annual percentage change of premiums. Figure 2 shows this variable for the four countries considered in this section, together with the standard deviation of the premium growth rate for all the sample of countries used in the econometric model. There appear to be large differences in cyclical patterns due to some extent to the different stages of evolution of the market, especially in the life sector, or to peculiar shocks occurring in the country, as for example the large losses due to natural catastrophes in Germany around year 2000, leading to a sustained increase in premiums in the following years (Maurer and Somova, 2007) Life Insurance Premiums -Annual % change (2002, 2007) Among the country characteristics I did not consider the structure of the distribution channel, which is shown to have a large impact on both cost and profit efficiency 8 . Re (2007) These differences are likely to have a strong impact on both types of efficiency. Unfortunately, the CEA data do not have this kind of information for most of the countries considered here.
UK
In a much broader sense, country differs in the quality of institutions. Since the seminal works by La Porta et al. (1998 Porta et al. ( ,2000 a growing body of literature has investigated the link between the social and legal environment and the workings of the financial system; several studies show that a well functioning legal system is instrumental in fostering financial development, leading to a most efficient, growth-promoting allocation of capital 9 . There are several indicators of institution quality; one of the most comprehensive and widely used is the one recently developed by the World Bank (see Kaufman et al (2006) for a detailed description on how the indicators are constructed). The set of indicators seeks to measure several aspects of governance, based on a broad array of variables. The two indicators that are probably most important for the efficiency of financial intermediaries in general and insurance companies in particular are regulatory quality and the rule of law. The measure of regulatory quality gauges the incidence of market unfriendly policies by the government, such as price controls or poor bank supervision and the perceived burden imposed by excessive regulation in areas such as foreign trade and business development. The index of rule of law measures to what extent the citizens have confidence and abide to the rules of the society. It is constructed using measures of crime perceptions, judicial system efficiency and contracts enforceability. For each country and 8 See Reagan and Tennyson (2000) and Berger et al. (2000) for the US market.
9
For example Beck and Levine (2003) , Glaeser et al (2004), Beck et al. (2005) year from 1996 to 2007 10 a variable ranging from -2.5 and 2.5 is construcred. Figure 3 and 4 show the indexes of regulatory quality and rule of law for the country considered. A large variability, both across time and countries, can be observed. The sizeable differences across markets can be an explanation of the negligible size of the business written by foreign firms. Table 4 : share of business (life and non life) written by domestic firms Source CEA (2002, 2007) Foreign insurers' direct activity has a negligible market share, which increases very slowly. This is consistent with the evidence provided by Schoenmaker et al (2007) ; they study the internal organisation of 25 large European insurance groups and find that risk and capital management activities tend to be centralised, whereas insurance remains a local business.
Regulatory Quality

Methodology
Theoretical model
The standard approach to efficiency measurement involves deriving estimates of Xefficiency from cost and profit functions
Cost function
The cost function is defined as the minimum cost of producing an amount of output given exogeneous input prices
Where C is the minimum cost and X and W are vectors of respectively output and input prices. However, this is a long run solution, consistent with an assumption of full adjustment of input quantities to changes in prices and output, which is quite unrealistic given the time span considered. Following the empirical literature on financial intermediaries I assume that some inputs are quasi fixed, implying that management cannot adapt quickly their quantity in reaction to market fluctuations, and the other are variables. The quantity of the former and the price of the latter will then be used in the estimation of the cost function. Therefore, the general form of the cost function is
Where Q is a vector of quasi fixed inputs
Profit function
The aim of this paper is to assess to what extent differences in market size and structure, and therefore also in the degree of market competition and concentration, affect efficiency. Therefore the assumption of perfect competition and price taking behaviour by the insures would be unreasonable. Therefore I adopt the framework proposed by Humphrey and Pulley (1997) and assume that companies seek to maximise profits setting prices given the quantities of output and quasi fixed input and the price of variable inputs. The resulting function expressing optimal profit given quantity and prices is Π* it =C(X it ,Q it ,W it ) (3)
Efficiency measurement
In order to move to the empirical specification, I further assume that actual costs and profits of firm i at time t depend from the optimal choices of input and output given by (2) and (3) and an error term ε
Where Y is either cost or profit. The term ε it can be decomposed into two parts: an efficiency component u it , measuring X-efficiency and a noise component v it . The former component measures the level of efficiency, the second its variability.
The efficiency terms are commonly assumed to be distributed according to an independent distribution which is truncated by the frontier. Assuming a normal distribution we have
the random term is assumed to be distributed symmetrically around the frontier according to
Choice of variables
As in almost any analysis of efficiency in the financial services industry one of the most important and tricky questions is how to proxy output. The vast majority of the studies on insurance use the so called production approach , which is grounded in the neoclassical theory of the firm, according to which the objective of the firm is maximising profit by minimising cost and maximising profits 11 . The output produced by the insurer is the provision of mostly intangible financial services that can be grouped into the following categories:
• Risk-pooling and risk-bearing: an insurance collect premiums among the pool of policyholders and redistribute the majority of these funds to those who suffered losses. Insurance companies create value added by supplying actuarial, underwriting and other services to the risk pool and by holding further equity capital to provide against unexpected losses. This output is specific for non life insurance and for those life insurance policies covering mortality risk 11 An alternative approach (called "financial intermediation approach", put forward recently by, for example, Brockett, et al. (2005) consider multiple objective other than profit maximisation, centred around the production of safety for policyholders and regulators. Leverty and Grace (2006) , considering the U.S, non life sector find that the measures of efficiency computed using the "production approach" are much more correlated with indicators of profitability than those obtained with the "financial intermediation approach".
• "Real" financial services: insurers provides the policyholders with several real services such as loss prevention, coverage design or financial advice.
• Financial intermediation: this service is mostly relevant in life insurance, where insurers invest the premiums paid by policyholders and return the capital plus interest at a pre-specified date.
It is usual in the studies based on this approach to use the present value of loss incurred as a proxy for the quantity of risk pooling and financial services provided. Incurred losses are the sum of loss paid and the net change in loss reserves for the period 12 . Therefore they represent the amount of funds pooled by policyholders and redistributed to those experiencing damages. The amount of claim settlement and risk management services is highly correlated with loss aggregates, therefore incurred losses is an adequate approximation of the supply of financial services as well.
However this way of defining insurance output is not exempted from criticism. Diacon et al (2002) argue that the use of this measure violates the principle that more output should be preferred to less, in that insurance companies should try to minimise and not maximise insurance claims. This problems can be solved by using premium paid plus investment income on invested reserves minus claims due for payment during the accounting period minus changes in reserves (see for example, Klumpes, 2005) . The main drawback of this solution is, however, that it uses a measure of revenue for output, not controlling for the effect of insurance prices. Moreover, Brockett et al. (2005) contend that the use of losses provides a distort estimates of efficiency in case of large increases in losses due to unforeseen catastrophic events (such as September 11 th or hurricane Katrina), not matched by any change in inputs, that would show up as large improvements in efficiency. The common counter argument is that overlooking large fluctuation in losses distorts insurance output. The capability of an insurer to settle claims after unexpectedly large events is extremely valuable for the consumer, and therefore the payment of unanticipated losses is an essential function, at least for non life insurers. Several solution has been proposed to smooth the impact of large losses on the definition of output: Cummins and Nini (2002) filter out random shocks, while Cummings and Xie (2005) use trend rather than realized losses. Another method, proposed by Leverty and Grace (2006) is to use expected losses, multiplying a firm's current year earned premiums by a three-year average of its loss ratio. The occurrence of an exceptional loss would then increase the real or perceived distribution of losses demand for protection, increasing therefore the demand for insurance cover.
In this paper I use as output for life insurers the sum of incurred benefits and addition to reserves (see Berger et al., 1999 and Cummins and . The former represent the amount of resources distributed among policyholders which corresponds to the risk pooling/bearing activity, while the latter are related to the intermediation activity, being the funds set aside to pay policyholders in the future. For non life insurers, consistently with the model of insurance activity developed by Myers and Cohn (1987) and Cummins (1990) , I use losses as a measure of output.
Following Cummins and Weiss (2000) and Fenn et al. (2008) , I use the lag of output as an instrument for its current value in order to avoid measurement errors arising from stochastic variations in payments and errors in forecasting future claims. Smoothing output using moving averages or other more sophisticated filters, while theoretical more appealing, would have resulted in quite a relevant loss of observations. The definition of input is much less controversial: insurance companies use labour, business services (including physical capital), financial equity and debt capital. Physical measures of labour and business services input are normally unavailable, therefore they are approximated using the corresponding items of the balance sheet divided by the real wage rate or by an exogenous measure of wage costs. This latter solution is probably to be preferred: measures of labour cost derived from balance sheets are to some extent determined by the company's behaviour and reflect managerial efficiency, and therefore are to a large extent endogenous to company's behaviour. Their use could lead to model misspecification.
Early studies of insurance firms efficiency did not include financial capital as an input. However, as pointed out by Cummins and Weiss (2001) , the inclusion of equity and debt capital is consistent with the modern theory of the firm, according to which all the contractual relationships involving a firm (including the contracts with the supplier of capital) are part of its technology. In addition, since, according to the financial theory of insurance price (Cummins and Danzon, 1997) , insurance can be considered as a risky debt therefore its price take into account the risk of the insurer's default. Better capitalised insurers have a lower probability of default, therefore the policies they issues provide a higher level of security and can command a higher price.
Some papers treat equity as a quasi fixed output, other as a variable one: I take this second route for two reasons. First of all the evolution of the capital markets in Europe allows firms to raise equity capital quite rapidly, and secondly the use of a price account partially for the level of risk implied in investing in insurance companies. As pointed out by Huges et al. (2001) in relation to efficiency measurement in banking, the standard analysis fails to take into account the risk originated by management decisions
In the empirical specification, I consider one output (claims paid plus, in the case of life insurance, addition to reserves), a quasi fixed input, technical reserves, and three variable ones, labour, debt and equity, whose price are respectively the annual gross wage in the insurance sector, the 10-year interest rate and a country specific measure of the return on shareholder fund. This latter variable is derived by calculating, for every country in every year the asset-weighted average of individual firms' return on shareholders fund. Other studies, such as the paper by Cummins and Rubio-Misas (2006) on the Spanish insurance industry, use the total return on the insurance stock market index. however, given that most of the insurers used in this paper are not listed, information based on the stock market would be probably biased. As in the case of the labour cost variable, including a firm-specific measure of cost of capital would be at risk of model misspecification.
More details on the data sources and the how the variables are constructed can be found in Appendix A.
I consider the life and non life sector only. The ISIS database used for this study allow the splitting of composite insurers' accounts into life and non-life lines business. Therefore I consider each composite entity as two separate ones and put each part together with the respective specialised companies.
Functional form and econometric model
As explained in section 3.1, I estimate profit and cost efficiency for life and non life insurance separately using Stochastic Frontier Analysis (SFA); I estimate a single frontier fo the whole period. I employ a standard translog function 13 estimating for each variable the following equation 
where the u (efficiency) terms are positive in the case of a cost function and negative for a profit function with the symmetry restrictions common to the translog function (β ij =β ji , γ ij =γ ji and µ ij =µ ji ). Year dummies, t, are included in order to take into account technological progress.
Y is either cost or profit, X are the output and the quasi-fixed input (reserves) and the ps are the prices of the variable inputs (labour, debt and equity capital)
More specifically the cost and profit functions are specified as follows For the reason stated in the previous section, I use the lagged values of claim as a measure of output. The use of lagged values for reserves has the same motivation and a conceptual one: these are the values of the stock variable known to the managers when they solve the profit maximisation/cost minimisation problem.
Early studies on efficiency and those based on non parametric methods such as DEA (Data Envelopment Analysis) employ a two step approach, by which efficiency scores derived from the estimation of (7) are regressed on other variables using a tobit model for censored data. While it is feasible when the frontier is estimating using DEA, such a method has been criticised when applied to SFA because it seeks to find systematic determinants of variables which are assumed to be independently distributed, therefore violating the assumptions underlying the estimation of the frontiers.
A more appropriate method consists in estimating jointly the frontier and the determinants of the error terms. Two main modelling strategies are commonly employed, based on different assumptions on the distribution of the efficiency terms. The first one, called conditional mean approach, introduced by Huang and Liu (1994) and Battese and Coelli (1995) and applied to the US life insurance industry by Greene and Segal (2004) assumes that the exogenous factors determine the mean of the efficiency terms and the variance of the two error terms is constant. As pointed out by Fenn et al. (2008) , the assumption of homoschedasticity is implausible and can lead to inconsistent results; the variability of both error terms can be influenced by the size of the insurance company. This effect is likely to be more important in cross-country studies like this one where the differences in companies' size can be very large.
Therefore I employ the one stage methodology put forward by Khumbakhar and Lovell (2000) , which assume a zero mean normal distribution for the efficiency term and an impact of the exogenous variables on the heteroscedasticity of both the error terms. Adding the analysis of the determinants of the variability of costs and profits, given inputs and outputs, provides further information on the impact of firm specific and environmental variables on the predictability of the insurers' performance.
The exogeneous variables are defined as those that are completely outside the management control and therefore are not considered when optimising costs and profits: some of them are specific to the firm, such as size and market share, other relates to the environment in which the firms operate, such as demand condition or the regulatory framework. The evidence presented in section 1 indicates that insurance business is mostly conducted at the national level, therefore the relevant environmental variables that I consider refer to the country in which each company is registered. z is a vector of firm specific and s of country specific variables. These environmental factors may affect productivity but are beyond the control of the management. Efficiency is measured with respect to the most efficient firm, whose score is 1.
The first set of variables includes -Company's size, measured by the log of total assets, divided by CPI. I also use the square of this variable in order to account for nonlinearities -The company market share in its domestic market, computed as a share in total premium written. This is a proxy for the concentration of the market 14 . The relationship between market and structure has been one of the most debated topic of industrial organisation since Hicks' seminal contribution. 15 One line of though, first proposed by Hicks and then by Liebenstein (1966) and which has 14 The sum of the premiums written by the companies in the sample ranges between 78% and 115% of the total premium calculated by the CEA, depending on the country, and therefore the market share calculated using firm's data can be considered a good approximation of the market structure 15 Hicks (1935) become one of cornerstones of the Structure-Conduct-Performance paradigm, posits that the existence of monopoly and oligopoly rents reduces management's incentives to control costs. Competition would have a positive effect on management efficiency in two ways. First of all increased competition would make bankruptcy riskier for more inefficient companies; therefore, in order to minimise the risk of bankruptcy and the personal costs related to that, managers would operate more efficiently. Moreover, the entry of other firms would make easier for the owners to benchmark their managers' performance, mitigating the information asymmetries. However, the causality between competition and efficiency may as well run the other way around, as postulated by the efficient-structure hypotesis. Demsetz (1973) argues that more efficient firms, thanks to lower costs, enjoy higher profits and can capture higher market share. Increased concentration, therefore would be the result and not the cause of higher efficiency. If efficiency is attained mostly through economies of scale, increasing the number of competitors would increase average costs, at the expenses of cost efficiency (Martin, 1993) .
-A dummy taking value 1 if the unit is in fact the life/non life business part of a composite insurer and 0 if it is a specialised company.
The characteristics of the local insurance market that I consider are the following -the size of the insurance sector (approximated by the ratio of total investments to GDP 16 ) too see if insurers operating in larger, more mature markets are more efficient due to the higher level of competition market development would yield and the possible higher quality of the business practices.
-the insurance cycle, measured as the annual growth rate of premiums to see whether fluctuation in the overall market subscription are translated into efficiency changes, and therefore, the diversity of insurance cycles can explain differences in performance -only for the non life sector I consider the share of motor insurance in total premium written as a measure of the relative sophistication and diversification of the market. Of course such a measure is just an indication of a broad picture and a clear indication on the relationship between diversification and efficiency may be obtained only considering diversification at the firm level, but this kind of data is not available. A more diversified portfolio should lead to lower volatility of the economic results, reducing the capital needed: this should have a positive impact on profitability as it lowers the capital charges. On the cost side, a more diversified production could deliver economies of scope. Berger et al. (2000) study the product diversification benefits for US property and liability insurers, and conclude that insurers that are large, emphasize personal lines of business and use vertically integrated distribution systems tend to benefit from economies of scope, while insurers that are small, emphasize commercial lines and use non integrated distribution systems attain higher efficiency through specialisation. Moreover, the share of compulsory motor insurance premiums gives an indication of the degree of development of the non life insurance market over and above the one provided by its size. -The measures of regulatory quality and rule of law provided by the world bank and illustrated at the end of Section 2. since these two variables are highly correlated, in order to avoid multicollinearity I used one of each at time. For sake of simplicity, I present just the result obtained with the measure of the rule of law. Using the regulatory quality does not change much the results, which are available upon request.
I also add country dummies in order to control for other unobservable factors.
Results
Frontier Estimations
The estimated parameters of the frontiers are displayed in Appendix B. the overall fit of the regression, which should me gauged by the result of the Wald test on the whole parameters set rather than the significance of the single covariate, is satisfactory. Tables 5 to 8 show the results of the estimation of (10) and (11).
Life insurance
Cost efficiency of life insurance is related mostly on firms' characteristics and not depend much on local market conditions. There is a non linear relationship between size and X efficiency: the scale of operation tend to benefit cost efficiency mainly of medium sized insurers. Firms with a higher market share tend to be less cost efficient.
Composite insurer face a lower volatility of cost efficiency. Firms with a higher market share tend to be less cost effective. Turning to the country specific variables, operating where there is a higher standard of governance translates into lower and less volatile costs given input and output quantity and price. The other variables describing the local market for life insurance do not have any effect on cost efficiency. However, many country dummies are statistically significant, indicating that local factors different from those included explicitley, do play a role in determining efficiency. *** 1% -** 5% -*10% significance Table 5 : Determinants of cost efficiency in life insurance Similar results are find for profit efficiency: the relationship with size is positive but non linear and a larger market share leads to inefficiency. However, none of the country specific variables included has a sizeable impact on the level of efficiency, whereas some country dummy are significant. *** 1% -** 5% -*10% significance Table 6 : Determinants of profit efficiency in life insurance Figure 3 summarizes the mean cost and efficiency for the countries considered. There is quite a large variability across countries. Considering costs, the mean efficiency in the best performing country (Switzerland) is 35% higher than in the worst performing one (Ireland). For profit the difference between the best and the worst performing country (respectively Denmark and Netherlands) is 45%. 
Cost efficiency
Non life insurance
There is a robust negative correlation between cost efficiency and size, but this is non linear. As in the life insurance case, firms with a higher market share tend to have lover level of cost efficiency. The non life units of composite insurers do not seem to be more or less efficient than the specialised entities. Contrary to what shown by life insurers, the X efficiency of non life ones is affected by the characteristics of the local market. First of al, operating in a relatively large and more developed market tend to increase the level of cost efficiency, which also become more volatile. Country with a higher share of motor insurance have less cost efficient insurers. Moreover, cyclical upswings tend to worsen cost efficiency and make it more volatile. Finally, as in the case of life insurance, better institutions lead to lower costs, other things being equal. Several country dummies turn to be statistically significant. *** 1% -** 5% -*10% significance Composite insurers tend to be less profit efficient than specialised entities, whereas a larger market share is combined to a lower but more stable profitability. Turning to the environmental variables, the quality of institution and the sophistication of the market have the same positive impact on profit efficiency found on cost efficiency. The cross-plot of mean scores shows the positive relationship between cost and profit efficiency. As in the case of life insurers, countries varies widely in terms of mean efficiency. The gap between the most and the least cost efficient one (Ireland and Norway respectively) is 32%, whereas in terms of profit the difference (in this case between Sweden and Spain) is 57%. insurers. Figures 5 shows the contribution of size and its square to cost and profit efficiency, plotted against the log of total assets, for life and non life insurers. The negative relationship found for life insurance is consistent with the literature, which mostly did non control for non linearity in the size efficiency relationship. X efficiency is stabile (or increasing, in the case of profits) for small insurers and than tend to decrease with size. This can be due to larger companies facing increasingly higher agency cost, which offset the benign impact of scale economies. On the contrary, in non life insurance scale economies seem to prevail, yielding cost efficiency gains especially for medium size entities. The negative relationship between size and profit efficiency should be considered with caution as the coefficient of the level size is not significantly different from zero (see table 8 ). In the only comparable study on European Insurance (Fenn et al., 2008 ) the econometric estimation found a positive relationship between size and cost efficiency in both life and nonlife insurers, whereas profit efficiency shows a negative correlation with size. However, their model do not control for nonlinearities in the relationship, which appear to be quite strong. industry relatively larger companies are less efficient both in cost and profit terms, confirming that size brings about cost inefficiency. However the larger market share does not seems to translate automatically into market power as relatively larger insurers are also less profit efficient. The same happens to nonlife insurance, indicating a higher degree of competition in both markets.
Profit Efficiency
T contribution to efficiency; in non life insurance, this is translated into higher profit efficiency. These results are broadly in line with the empirical finding on the law and finance literature: poorly functioning institutions turns out to be an additional cost of doing business.
T profit inefficiency of life insurers. This and the absence of any market power by larger companies may be due to the fact that they compete in the broader market for saving/pension products, and in several country they sell to a large extent policies with a limited insurance content (for example linked policies) through non specialised retailers such as bank tellers. Therefore restricting the attention to the differences in insurance markets alone may not be appropriate. A more suitable set of variables would probably include the size of financial assets relative to GDP and the share of the insurance sector in the overall managed savings industry. However comparable data on financial accounts are not available for some important countries, such as United Kingdom and Switzerland. Another explanation is tha integrated, thanks the type of products sold, which in principle should not differ too much, at least across European countries and the large number of cross border M&A occurred in the last decade or so (Swiss Re, 2005) .
The characteristics of the local markets, on the contrary, do have a strong impact on the performance of non life insurers. Insurers operating in larger markets tend to have lower cost, other things being equal, but not higher profits. An insurance market relying less on compulsory motor insurance leads to lower cost and profit efficiency, hinting at higher marketing and operational costs to sell non compulsory products, and an overall strong competition. Cyclical upswings tend to lower cost efficiency; one possible interpretation is linked to the insurance cycle a larger output mean an increase of claims and therefore managing costs, which is followed quickly by an upward revision of prices and, assuming a low price elasticity in the short run demand for insurance, an increase in premiums.
These results have at least three implications for industry analysis.
• More broadly, they suggest caution when comparing efficiency and profitability of insurance companies across countries without taking into account the development of the national insurance market, which are exogenous to the management actions.
• They provides a rationale to the process of internationalisation by acquisition rather than direct entry into the local market, especially in the non life industry: efficiency is shaped by other factors than company's characteristics and therefore acquiring an entity already operating in the market is probably preferable.
• Finally, they highlight some important features of the insurance industry in Europe: first of all efficiency has different drivers in life and non life sectors. In the former larger companies (both in terms of size and market share) tend to be less efficient; moreover the features of the local market for insurance alone cannot explain differences in efficiency, hinting at a large integration of this sector both with the other components of the financial industry and the other country markets for life insurance. The performance of non life insurer business, on the contrary is tightly linked to the characteristics of the local market: cost efficiency is higher for firms operating in larger and more sophisticated markets. Finally composite insurers are at least as profitable as life specialist and less efficient than specialised non life provider.
6.Conclusion
This article has sought to build upon the results of the article by Fenn et al. (2008) on efficiency in the European insurance market, considering explicitly the impact of national market structures. Using a standard SFA approach, this paper shows that, while not important for life insurance companies, the features of each national market have a strong influence on the efficiency of non-life insurance companies. In particular, cost efficiency tend to be higher in more concentrated and diversified markets, and these gains translate into higher profit efficiency. Finally the estimations confirmed that the negative relationship between company size and efficiency found in other empirical studies hold just for life insurers. Overall it appears a large difference in what drives efficiency in life as opposed to non life insurers, with the latter much more linked to the local market structure.
The implicit assumption of this paper is that a common, "one size fits all" technology is available to all insurers across Europe and that any firm can be meaningfully compared against this international benchmark. While in principle this may be true in terms of production technology, existing differences in regulations and pattern of insurance demand require the conditioning of the efficiency term on country specific variables or estimation and comparison of country specific frontiers. A promising solution, somehow alternative to the methodology used in this article, might be the application of the meta frontier approach, developed by Battese and Rao (2002) and recently applied to the European banking sector by Bos and Schmeidel (2003) . It consists of estimating by SFA a frontier for each countries and constructing a deterministic function whose values are no smaller than the deterministic part of the country specific stochastic frontiers. In this way, each firm efficiency could be compared with both a country and international benchmark which takes into account national differences. This is left for future research.
More importantly, this kind of methodology overlooks the role of risk. This point has been made forcefully by Mester (2008) for the analysis of the banking sector, but also applies to insurance "Production decisions that increase expected profit but also the discount rate applied to that profit may not increase the bank's market value. The optimal production choices depend not only on the expected profits they generate but also on the variability of the profit stream generated".
In this article I try to include risk by using as an input a measure of price of capital which is sensitive to industry risk at the country level, but this is obviously a just a partial fix. Moreover, modelling the part volatility of the error not due to X efficiency can give some indication on what makes firm profitability more difficult to forecast, but much more is needed to introduce risk taking into the efficiency measurement of insurance companies.
A further step could be to analyse the relationship between efficiency and riskness of insurance companies would be to recognise the endogeneity of the level of risk of an insurer and model it explicitly, making use of the information on the value of a company provided by the stock market. This may be done using the methodology proposed by Huges et al.(2001) in which the level and the volatility of a bank's return on equity s linked to its market value. Exploring the nexus between efficiency and risk would inevitably raise questions about the definition of output: the one used in the mainstream literature and for this paper implies that a higher level of output can lead to more risk of insolvency in the near future. Importantly, in dealing with risk it is important to include some measure of product diversification at the firm level. Unfortunately the database used for this article does not have a breakdown of premiums or claims for line of business. 
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